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GENERALIZED QUEUE AND SPECIALIZED 
REGISTER CONFIGURATION FOR 

COORDINATING COMMUNICATIONS 
BETWEEN TIGHTLY COUPLED 

PROCESSORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates, generally, to communica 

tions betWeen tightly coupled processors and, more particu 
larly, to a queue register con?guration structure for enabling 
cooperative communications betWeen tightly coupled pro 
cessors. 

2. Description of Related Art 
Host bus adapters (HBAs) are Well-knoWn peripheral 

devices that handle data input/output (I/O) operations for 
host devices and systems (e.g., servers). AHBA provides I/O 
processing and physical connectivity betWeen a host device 
and external data storage devices. The storage may be 
connected using a variety of knoWn “direct attached” or 
storage networking protocols, including ?bre channel (FC) 
and Internet Small Computer System Interface (iSCSI). 
HBAs provide critical server central processing unit (CPU) 
off-load, freeing servers to perform application processing. 
HBAs also provide a critical link betWeen storage area 
netWorks (SANs) and the operating system and application 
softWare residing Within the server. In this role, the HBA 
enables a range of high-availability and storage management 
capabilities, including load balancing, SAN administration, 
and storage management. 

FIG. 1 illustrates a block diagram of a conventional host 
system 100 including a HBA 102. The host system 100 
includes a conventional host server 104 that executes appli 
cation programs 106 in accordance With an operating system 
program 108. The server 104 also includes necessary driver 
softWare 110 for communicating With peripheral devices. 
The server 104 further includes conventional hardWare 
components 112 such as a CPU and host memory such as 
read-only memory (ROM), hard disk storage, random access 
memory (RAM), cache and the like, Which are Well knoWn 
in the art. The server 104 communicates via a host bus (such 
as a peripheral component interconnect (PCI or PCIX) bus) 
114 With the HBA 102, Which handles the I/O operations for 
transmitting and receiving data to and from remote storage 
devices 116 via a storage area netWork (SAN) 118. 

In order to further meet the increasing demands of I/O 
processing applications, multi-processor HBA architectures 
have been developed to provide multi-channel and/or par 
allel processing capability, thereby increasing the processing 
poWer and speed of HBAs. These multiple processors may 
be located Within the controller chip. FIG. 2 illustrates an 
exemplary block diagram of a HBA 200 including a multi 
processor interface controller chip 202. The interface con 
troller chip 202 controls the transfer of data betWeen devices 
connected to a host bus 204 and one or more storage devices 
in one or more SANs. In the example embodiment illustrated 
in FIG. 2, the controller chip 202 supports up to tWo 
channels A and B, and is divided into three general areas, 
one area 232 for channel A speci?c logic, another area 206 
for channel B speci?c logic, and a third area 208 for logic 
common to both channels. 

Each channel on the controller chip 202 includes a 
serialiZer/deserialiZer (SerDes) 210 and a protocol core 
engine (PCENG) 212 coupled to the SerDes 210. Each 
SerDes 210 provides a port or link 214 to a storage area 
netWork. These links may be connected to the same or 
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2 
different storage area netWorks. The PCENG 212 may be 
speci?c to a particular protocol (e.g, FC), and is controlled 
by a processor 216, Which is coupled to tightly coupled 
memory (TCM) 218 and cache 220. Interface circuitry 222 
speci?c to each channel and interface circuitry common to 
both channels 224 couples the processor 216 to the host (e.g. 
PCI/PCIX) bus 204 and to devices external to the controller 
chip 202 such as ?ash memory 226 or quad data rate (QDR) 
SRAM 228. 
When data is transferred from a device on the host bus 

204 to a storage device on the link 214, the data is ?rst 
placed in the QDR SRAM 228 under the control of the 
processor 216 that controls the link. Next, the data is 
transferred from the QDR SRAM 228 to the link 214 via the 
common interface circuitry 224 and channel-speci?c inter 
face circuitry 222, PCENG 212 and SerDes 210 under the 
control of the processor 216. Similarly, When data is trans 
ferred from the link to the device on the host bus 204, the 
data is ?rst transferred into the QDR SRAM 228 before 
being transferred to the device on the host bus. 

In the example of FIG. 2, devices coupled to the host bus 
204 can communicate With the interface controller chip 202 
in three different modes. A ?rst mode supports either channel 
A or channel B communications, a second mode supports 
both channel A and channel B communications Working 
independently, and a third mode supports channel A and 
channel B communications Working cooperatively. The 
interface controller chip 202 can be con?gured using straps 
or pins external or internal to the interface controller chip 
202 to operate in any of these modes. 

In the ?rst mode (single channel operation), channel A 
may be operable With channel B completely reset. In this 
mode, only the channel A link is available. From the 
perspective of devices connected to the host bus 204, only 
a single channel A function is seen. Alternatively, the ?rst 
mode can be con?gured such that channel B is operable With 
channel A completely reset. In this mode, only the channel 
B link is available. From the perspective of devices con 
nected to the host bus 204, only a single channel B function 
is seen. 

In the second mode (dual channel operation), both chan 
nel A and B are operable, both links are active, and devices 
connected to the host bus 204 sees the HBA 200 as a 
multifunction device. From the perspective of devices con 
nected to the host bus 204, both channel A and channel B 
functions can be seen. In this mode, channel A and B operate 
completely independent of each other With regard to pro 
grams residing in memory. For instance, channel A could be 
controlled by one program in ?rmWare and channel B could 
be controlled by another program in ?rmware. Alternatively, 
both channel A and B could be controlled by the same 
program. Nevertheless, there is no communication betWeen 
channel A and channel B. Each channel can be reset inde 
pendently and restarted independently, With no effect on the 
other channel or the common circuitry. 

In the third mode (combined channel operation), both 
channel A and B are operable, both links are active, but the 
tWo channels cooperate as a single function. Although both 
channels are active and have completely different programs, 
the programs cooperate With each other to divide up and 
carry out activity. HoWever, the actual control of each 
external link is private to its associated channel. For 
example, in FIG. 2 channel A (ie processor A) controls link 
A, and therefore before channel B (i.e. processor B) can send 
data out over link A, channel B Would have to communicate 
With channel Ato do so. Each channel can make requests of 
the other, and therefore the channels are not truly separate 
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channels. From the perspective of devices connected to the 
host bus 204, only a single multilink channel is seen. 
As noted above, in the combined channel operation, 

cooperative internal processing is required to carry out a 
single combined effort. As illustrated in FIG. 2, the circuitry 
dedicated to a particular channel includes a CPU 216, cache 
220 and TCM 218 connected to the CPU 216. Each CPU 216 
(eg a RISC processor) communicates With dedicated inter 
face circuitry 222 through a processor private bus such as, 
for example, an ARM high speed bus (AHB) 230. 

The third combined channel mode is sometimes referred 
to as the “supercharged” mode because tWice the processing 
poWer can be obtained for a single set of commands. 
HoWever, the supercharged mode creates other issues 
because communications are no longer “vertical” (limited to 
communications via the link 214 or through the common 
interface circuitry 224). In the combined channel mode the 
tWo channels noW must communicate “horizontally” (com 
municate With each other and request services), and must 
cooperate With minimum interference With each other When 
utiliZing common circuitry. 

For example, one area of con?ict is utiliZation of the QDR 
SRAM 228. When the QDR SRAM 228 is accessed, tWo 
memory Words are processed every system clock, one on 
each clock edge. The quad data rate is achieved because 
there is a separate read port and Write port. When transfer 
ring data from the link to a device connected to the host bus 
204, the data is ?rst transferred from the link to the QDR 
SRAM 228, and then from the QDR SRAM 228 to the 
device. Thus, every data transfer has a Write phase folloWed 
by a read phase, and the number of QDR SRAM read and 
Write operations is therefore equal. The interface controller 
chip 202 actually handles tWo streams of data for each link. 
For each of the tWo links 214, receive data is transferred 
from the link into the QDR SRAM 228, and then the receive 
data is transferred from the QDR SRAM 228 to the target 
device connected to the host bus 204. Also, for each of the 
tWo links 214, transmit data is transferred from the device to 
the QDR SRAM 228, and then the transmit data is trans 
mitted from the QDR SRAM 228 to the link. In addition, 
each processor 216 may perform other operations such as 
reading instructions from the QDR SRAM 228 or monitor 
ing certain data to track the status of the QDR SRAM 228. 
Although most data is processed out of the cache 220, When 
cache misses occur then the data must be accessed from the 
QDR SRAM 228. Because both processors 216 must share 
the same QDR SRAM 228 for the above-described opera 
tions, con?icts can arise. 

Multi-channel con?icts With the QDR SRAM 228 may be 
reduced by utiliZing an addressing scheme that includes 
address and channel, so that even if both processors use the 
same address, each processor Will be accessing a different 
part of the QDR SRAM memory assigned to that channel. 
HoWever, in the combined channel mode a different address 
ing scheme may be utiliZed in Which each processor sees the 
entire QDR SRAM address space as a single address space. 
In this mode, the fact that the tWo processors can share the 
same QDR SRAM 228 and use the same address to get to the 
same memory location means that unless the tWo channels 
or processors have some means of communication, con?icts 
Will arise. 

The second area of con?ict is in the ?ash memory 226. 
The ?ash memory 226 is a normally read-only memory that 
can be updated to store neWer versions of programs or data. 
Each processor 216 has access to this ?ash memory 226 for 
functions such as reading boot code at Wake-up time, or 
reading maintenance routines for updating the ?ash. Thus, 
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4 
there may be a number of requesting processors 216 for the 
?ash 226, Whether the interface controller chip 202 is 
operating in a single channel, dual channel, or combined 
channel mode. 
As long as each requestor performs read operations only, 

no con?icts arise. HoWever, if one requestor Wants to update 
the ?ash 226 or read characteristics of the ?ash 226, rather 
than read the actual content of the ?ash 226, then the ?ash 
226 goes into a mode that provides status information, not 
memory information. When this occurs, other requests for 
reading the ?ash must be blocked off, otherWise erroneous 
information may be provided. 

Thus, a need exists for an apparatus and method that 
enables tWo or more tightly coupled processors to access 
and/or update the same QDR SRAM or ?ash or other 
resource, minimiZe con?icts With shared resources, request 
services that each processor cannot perform independently, 
or request sole use of a resource. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention utiliZe specialiZed 
registers and generaliZed interprocessor queues for facilitat 
ing cooperative communications betWeen tightly coupled 
processors. The generaliZed queues may be used to pass 
entries betWeen processors, While the specialiZed registers 
contain information needed to assist the processors in uti 
liZing the generaliZed queues for interprocessor communi 
cations. 

Each processor is associated With one or more generaliZed 
queues, and each generaliZed queue is associated With one or 
more specialiZed registers. In embodiments of the present 
invention any number of processors, generaliZed queues and 
specialiZed processors may be employed. 
The communication mechanism of embodiments of the 

present invention is symmetric in that each processor sees 
one or more generaliZed queues for supplying entries, and 
those same generaliZed queues appear to the other processor 
as one or more generaliZed queues for receiving entries. The 
generaliZed queues can hold messages, status or other infor 
mation depending on the design of the programs running in 
the processors, and alloW programmers to design the inter 
processor communications. The processor supplying a gen 
eraliZed queue establishes the generaliZed queue by allocat 
ing memory space including start and end addresses. 
The specialiZed registers may be accessible over the 

AHBs of the processors and may be located in both the 
common interface circuitry and the interface circuitry dedi 
cated to each processor. The registers are composed of a 
?xed number of bits, and may be used for a number of 
purposes related to their associated generaliZed queues and 
communications betWeen processors. The registers may be 
used to indicate the current status of the generaliZed queues 
(Whether they contain entries or not), reset the queues, 
change the siZe of the queues, enable or disable attention 
conditions sent betWeen processors, and coordinate transfers 
betWeen the processors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary block diagram of a con 
ventional host system including a HBA. 

FIG. 2 illustrates an exemplary block diagram of a HBA 
including a multi-processor interface controller chip. 

FIG. 3 is an exemplary block diagram of a multi-proces 
sor interface controller chip illustrating processor- or chan 
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nel-speci?c interface circuitry including attention registers 
and queues for facilitating communications betWeen tightly 
coupled processors. 

FIG. 4 is an exemplary block diagram of a multi-proces 
sor interface controller chip illustrating the use of special 
iZed registers in combination With generaliZed interproces 
sor queues for facilitating cooperative communications 
betWeen tightly coupled processors according to embodi 
ments of the present invention. 

FIG. 5a illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 0 and con?gured 
as a Queue 0/1 Put/Get Pointer Register and a Queue 1/0 
Get/Put Pointer Register according to embodiments of the 
present invention. 

FIG. 5b illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 1 and con?gured 
as a Queue 1/0 Get/Put Pointer Register and a Queue 0/1 
Put/Get Pointer Register according to embodiments of the 
present invention. 

FIG. 6a illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 0 and con?gured 
as a Queue 0/1 Control Register and a Queue 1/0 Control 
Register according to embodiments of the present invention. 

FIG. 6b illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 1 and con?gured 
as a Queue 1/0 Control Register and a Queue 0/1 Control 
Register according to embodiments of the present invention. 

FIG. 7a illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 0 and con?gured 
as a Queue 0/1 Base Register and a Queue 1/ 0 Base Register 
according to embodiments of the present invention. 

FIG. 7b illustrates a block diagram of an exemplary 
specialiZed register associated With Queue 1 and con?gured 
as a Queue 1/ 0 Base Register and a Queue 0/1 Base Register 
according to embodiments of the present invention. 

FIG. 8 illustrates a block diagram of an exemplary spe 
cialiZed register associated With either Processor A or B and 
con?gured as a Processor Attention Condition Register and 
a Processor Attention Set Register according to embodi 
ments of the present invention. 

FIG. 9 illustrates a block diagram of an exemplary spe 
cialiZed register associated With either Processor A or B and 
con?gured as a Processor Attention Enable Register and a 
Processor Attention Accept Register according to embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the folloWing description of preferred embodiments, 
reference is made to the accompanying draWings, Which 
form a part hereof, and in Which is shoWn by Way of 
illustration speci?c embodiments in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the preferred embodi 
ments of the present invention. 

It should also be noted that although embodiments of the 
present invention are primarily described herein in terms 
cooperative communications betWeen tWo tightly coupled 
processors in an interface controller chip Within an HBA for 
purposes of illustration and discussion only, embodiments of 
the present invention are applicable to any number of tightly 
coupled processors in any environment Where cooperation 
betWeen the processors is required to minimiZe con?icts 
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6 
With shared resources, to request services that each proces 
sor cannot perform independently, or to request sole use of 
a resource. 

There are several established mechanisms for communi 
cating betWeen tightly coupled processors. One mechanism 
is a simple “attention” signal, a bit in a register Which may 
indicate that a processor is requesting a particular type of 
action or report. One processor can set an attention signal for 
another processor. For example, processor A might issue a 
request for processor B to perform a particular service by 
setting a particular attention line or ?ag. This may be 
accomplished by placing a register instantiated attention 
signal, perhaps an interrupt, onto a bus and/or into a register 
that Will alert processor B of this request. These attention 
signals are often referred to as “doorbells” that are “rung” by 
one processor to get another processor’s attention. 

FIG. 3 is an exemplary block diagram of a multi-proces 
sor interface controller chip illustrating common interface 
circuitry 300 including attention registers 302 and 304 and 
queues 326 and 328 for facilitating communications 
betWeen tightly coupled processors 306 and 308. As shoWn 
in the example of FIG. 3, the attention register 302 of 
processorA is not directly coupled to the link or the host bus, 
but is readable by the interface circuitry 310 dedicated to 
processor B, and can under some circumstances interrupt 
processor B. Similarly, the attention register 304 of proces 
sor B is not directly coupled to the link or the host bus, but 
is readable by the interface circuitry 312 dedicated to 
processor A, and can under some circumstances interrupt 
processor A. 

For a hardWare perspective, attention signals may be 
generically implemented Within attention registers. HoW 
ever, from a softWare perspective, programs can be Written 
to assign meaning to each attention signal in each attention 
register. Thereafter, When processor A sets an attention 
signal, it may appear to processor B, Who may then act upon 
the signal in accordance With its programming, including 
possibly doing nothing. Attention signals asserted by pro 
cessor A may appear asynchronously as a set of enables to 
processor B that can be read at any time in order to 
determine if an interrupt to processor B should be per 
formed. 

Another mechanism for communicating betWeen tightly 
coupled processors is interprocessor messaging. As illus 
trated in FIG. 3, a message facility alloWs processor A to 
Write inter-processor message data directly over the AHB 
314 to the TCM 318 of processor B via path 322, bypassing 
processor B. Part of the interface circuitry 312 dedicated to 
processorAmay be con?gured to receive these 32-bit Words 
from AHB 314 and place it in the TCM 318 of the processor 
B. The message data stored in the TCM 318 is thereafter 
available to processor B at a high access rate. Similarly, the 
message facility alloWs processor B to Write inter-processor 
message data directly over the AHB 316 to the TCM 320 of 
processorA via path 324, bypassing processor A. Part of the 
interface circuitry 310 dedicated to processor B may be 
con?gured to receive these 32-bit Words from AHB 316 and 
place it in the TCM 320 of the processor A. The message 
data stored in the TCM 320 is thereafter available to 
processor A at a high access rate. 

The inter-processor messages may be in the form of 32-bit 
Words transferred in series. Programs may be Written to 
determine details such as hoW many Words are needed, 
Where the Words are to be stored, and Whether one or more 
arrays of blocks are to be reserved to receive the message 
information. 
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The TCM in each channel may also be used for other 
purposes, including processor-speci?c hardware noti?cation 
reporting from the common interface circuitry through the 
dedicated interface circuitry to the TCM. Processor-speci?c 
noti?cations notify a processor of the status of operations 
controlled by that processor only (i.e. no cooperative pro 
cessing). Processor-speci?c noti?cations such as completion 
Words or completion event descriptions may be stored as 
messages in particular locations in the TCM of each pro 
cessor and associated With attention conditions. 

These processor-speci?c messages only consume a por 
tion of the TCM, leaving other areas of the TCM available 
for other uses, including interprocessor messages. Thus, the 
TCM may be divided into several different areas, such as 
one area for receiving hardWare noti?cations, one area for 
interprocessor messaging When the processors are cooper 
ating, and another area Which can be used as quick-access 
memory for each channel. 

Yet another mechanism for communicating betWeen 
tightly coupled processors is the use of queues. A queue is 
an array of entries of unspeci?ed but equivalent siZes that is 
accessible by both processors. FIG. 3 illustrates queues 326 
and 328. The entries of the queues can be identi?ed by their 
index numbers 330 and 332. The beginning of the queue 
(index 0) is relative, and therefore may be assigned to any 
location Within the queue. 
A particular entry in the queue can be identi?ed or 

“pointed to” by the index number. In the example of FIG. 3, 
one processor Will be the supplier of information into a 
queue, and the other processor Will be the receiver of the 
information. The supplier puts an entry into the queue at a 
particular location identi?ed by a put pointer 334, Which 
contains the index number of the location at Which the next 
entry is to be placed. The receiver gets an entry from the 
queue at a particular location identi?ed by a get pointer 336, 
Which contains the index number of the location at Which the 
next entry is to be taken. 

The put pointer is the index of the entry that should next 
be Written, and is incremented to the next location after the 
placement of an entry into the queue until the last location 
in the queue is reached. At that last location, the next 
location Will be the Zero index. The get pointer is the index 
of the entry that should next be retrieved, and is incremented 
to the next location after the retrieval of an entry from the 
queue until the last location in the queue is reached. At that 
last location, the next location Will be the Zero index. 

If the put pointer and get pointer are equal (i.e. they point 
to the same index), there is nothing in the queue. This is true 
because the get pointer contains the index number of the 
next entry to be read, and the put pointer contains the index 
number of the next entry to be Written, so if the get and put 
pointers are equal, the queue must be empty. 
As described above, When the supplier puts a valid entry 

into the queue at the index indicated by the put pointer, the 
put pointer is incremented to the next index number. In 
doing so, the get and put pointers become unequal, provid 
ing an indication to the receiver that there is an entry to get. 
Using the get pointer, the receiver can receive entries until 
the get pointer is once again equal to the put pointer. The get 
pointer is therefore alWays “chasing” the put pointer. HoW 
ever, the put pointer should not be alloWed to catch up to the 
get pointer, otherWise the queue Will look empty, When in 
fact it is completely full and in danger of being overwritten. 
Therefore, the queue should never advance the put pointer 
until it is equal to the get pointer. By de?nition, a “full” 
condition can be de?ned as occurring When the put pointer 
is one behind the get pointer. 
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8 
Once an entry has been placed in the queue by the 

supplier, several mechanisms are available to indicate to the 
receiver that the entry is noW stored in the queue. In one 
example, each entry may contain an indicator that indicates 
an entry is valid once it has been Written into the queue. The 
receiving processor may look for this indicator and change 
the indicator to an invalid state once it is read. By imme 
diately changing the indicator’s state to invalid, the receiv 
ing processor Will be able to determine that a neW entry has 
been posted into the queue only When the indicator has 
changed from an invalid to a valid state. Another Way that 
the supplier could indicate that a neW entry has been posted 
Would be to ring a doorbell after posting an entry, indicating 
that a neW entry is Waiting. 

Embodiments of the present invention utiliZe yet another 
mechanism for facilitating cooperative communications 
betWeen tightly coupled processors. FIG. 4 is an exemplary 
block diagram of a multi-processor interface controller chip 
illustrating the use of specialiZed registers 400, 402, 420 and 
422 in combination With generaliZed interprocessor queues 
7:0 for facilitating cooperative communications betWeen 
tightly coupled processors 408 and 410 according to 
embodiments of the present invention. The generaliZed 
queues are used to pass entries betWeen processors 408 and 
410, While the specialiZed registers contain information 
needed to assist the processors in utiliZing the generaliZed 
queues for interprocessor communications. 

In the example of FIG. 4, processorA at 408 is uniquely 
associated With specialiZed registers 400 in dedicated inter 
face circuitry 416, While processor B at 410 is uniquely 
associated With specialized registers 402 in dedicated inter 
face circuitry 418. Furthermore, both processors A and B are 
associated With registers 420 and 422 and the generaliZed 
queues 7:0. Queues 0, 2, 4 and 6 and registers 420 are 
utiliZed When processor A supplies information to processor 
B, and queues 1, 3, 5 and 7 and registers 422 are utiliZed 
When processor B supplies information to processor A. The 
queue number identi?cation re?ects an external vieW of the 
queues, but each processor vieWs its supplying queues as the 
even-numbered ones and the receiving queues as the odd 
numbered ones. The vieW of processor A matches the 
external vieW. It should be understood that although FIG. 4 
illustrates tWo processors, eight generaliZed queues and a 
number of specialiZed registers, in embodiments of the 
present invention any number of processors, generaliZed 
queues and specialiZed registers may be employed. HoW 
ever, in a preferred embodiment, each processor in a tWo 
processor embodiment is associated With four generaliZed 
queues for supplying entries and four generaliZed queues for 
receiving entries. Four Was chosen because each generaliZed 
queue could be associated With communications betWeen 
one of four interfaces (data going to and from the host, and 
data going to and from the external link). 
The communication mechanism of embodiments of the 

present invention is symmetric in that each processor sees 
one or more generaliZed queues for supplying entries, and 
those same generaliZed queues appear to the other processor 
as one or more generaliZed queues for receiving entries. For 
example, as illustrated in FIG. 4, from the perspective of 
processor A the generaliZed queue 404 is for supplying 
entries, but from the perspective of processor 410 this same 
generaliZed queue 404 is for receiving entries. Similarly, 
from the perspective of processor 408 the generaliZed queue 
406 is for receiving entries, but from the perspective of 
processor 410 this same generaliZed queue 406 is for sup 
plying entries. 
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The generalized queues can hold messages, status or other 

information depending on the design of the programs run 
ning in the processors. The processor supplying a general 
ized queue establishes the generalized queue by allocating 
memory space including start and end addresses. The gen 
eralized queues alloW programmers to design the interpro 
cessor communications. Programs must be Written to estab 
lish the format of a generalized queue entry and establish 
What information is to be contained in an entry. 

Referring again to the example of FIG. 4, the specialized 
registers 400 and 402 are accessible over the AHBs 412 and 
414 of the processors and are located in the interface 
circuitry 416 and 418 speci?c to each processor. The spe 
cialized registers 420 and 422 are located in the common 
interface circuitry 424. The specialized registers 400 and 
402 are comprised of a ?xed number of bits, and may be 
used for a number of purposes related to their associated 

generalized queues. The registers may be used to indicate 
the current status of the generalized queues 404 and 406 
(Whether they contain entries or not), coordinate transfers 
betWeen the processors 408 and 410, or recognize the status 
of a generalized queue as an attention signal in and of itself, 
so that attention doorbells are not necessary. These and other 

functions Will be described in greater detail in the para 
graphs that folloW, Which describe the specialized registers 
available in the exemplary embodiment of FIG. 4. 

Queue 0/1 Put/Get Pointer Register and Queue 1/0 Get/Put 
Pointer Register. 
One function of the specialized registers is to store the get 

and put pointers for the processors. This information is 
important, because the locations of the get and put pointers 
are used to determine When a generalized queue is full, 
empty, not empty or not full. The not full state is useful 
because the supplier may need to knoW When the general 
ized queue has changed from full to not full, so a neW entry 
can be put into the generalized queue. The not empty state 
is useful because the receiver may need to knoW When the 
generalized queue has changed from empty to not empty, so 
a neW entry can be taken from the generalized queue. The 

state of the generalized queue may be reported to the 
processors in an asynchronous manner, along With doorbells 
and other interprocessor conditions. 

FIGS. 5a and 5b and Tables 1 and 2 provide one exem 
plary mechanism for storing the get and put pointers accord 
ing to embodiments of the present invention. FIG. 5a 
illustrates a block diagram of an exemplary specialized 
register 500 associated With Queue 0 (see reference 420 in 
FIG. 4) according to embodiments of the present invention. 
Queue 0 and specialized register 500 are used When Pro 
cessor A is the supplier of information to Processor B. FIG. 
5b illustrates a block diagram of an exemplary specialized 
register 510 associated With Queue 1 (see reference 422 in 
FIG. 4) according to embodiments of the present invention. 
Queue 1 and specialized register 510 are used When Pro 
cessor B is the supplier of information to Processor A. Table 
1 illustrates a content diagram of an exemplary Queue 0/1 
Put/Get Pointer Register according to embodiments of the 
present invention. Table 2 illustrates a content diagram of an 
exemplary Queue 1/ 0 Get/Put Pointer Register according to 
embodiments of the present invention. 
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TABLE 1 

Queue 0/1 Put/Get Pointer Register 
Size: 32 Bits 

Field Bits Access Description 

Queue 0/1 Get 31:16 RO Index of next queue entry for other 
Pointer processor to read in Queue 0 

(Processor A) or Queue 1 
(Processor B) 

Queue 0/1 Put 15:0 R/W Index of next queue entry to ?ll in 
Pointer Queue 0 (Processor A) or Queue 1 

(Processor B) 

TABLE 2 

Queue 1/0 Get/Put Pointer Register 
Size: 32 Bits 

Field Bits Access Description 

Queue 1/0 Get 31:16 R/W Index of next queue entry to read in 
Pointer Queue 1 (Processor A) or 

Queue 0 (Processor B) 
Queue 1/0 Put 15:0 RO Index of next queue entry for other 
Pointer processor to ?ll in Queue 1 

(Processor A) or Queue 0 (Processor B) 

Referring again to FIG. 5a, once the specialized register 
500 for Queue 0 is con?gured by the softWare, the bits of the 
register Will be seen by Processor A as having the format 
de?ned in Table 1. When con?gured, Processor A Will 
supply (or read) the current location of the put pointer for 
Queue 0 into bits 15:0 of the specialized register at 502, and 
Will receive the current location of the get pointer for Queue 
0 from bits 31:16 at 504. In addition, once the specialized 
register 500 for Queue 0 is con?gured by the softWare, the 
bits of the register Will be seen by Processor B as having the 
format de?ned in Table 2. When con?gured, Processor B 
Will receive the current location of the put pointer from bits 
15:0 at 506, and Will supply (or read) the current location of 
the get pointer into bits 31:16 at 508. 

Referring again to FIG. 5b, once the specialized register 
510 for Queue 1 is con?gured by the softWare, the bits of the 
register 510 Will be seen by Processor B as having the format 
de?ned in Table 1. When con?gured, Processor B Will 
supply (or read) the current location of the put pointer for 
Queue 1 into bits 15:0 of the specialized register at 512, and 
Will receive the current location of the get pointer for Queue 
1 from bits 31:16 at 514. In addition, once the specialized 
register 510 for Queue 1 is con?gured by the softWare, the 
bits of the register Will be seen by Processor A as having the 
format de?ned in Table 2. When con?gured, Processor A 
Will receive the current location of the put pointer from bits 
15:0 at 516, and Will supply (or read) the current location of 
the get pointer into bits 31:16 at 518. 

In the exemplary embodiment, registers similar to those 
illustrated in FIGS. 5a and 5b may be employed for Queues 
2A7. 

Queue 0/1 Control Register and Queue 1/ 0 Control Register. 
Another function of the specialized registers is to provide 

communications so that the processors can cooperate to reset 
the hardWare and return the pointers back to the start entry 
(index zero). The need for such a reset is illustrated in the 
folloWing example. Processor A can supply a value into the 
generalized queue at a location identi?ed by the put pointer, 
but Processor A has no control of the get pointer. Processor 
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B can receive a value from the generalized queue at a 
location identi?ed by the get pointer, but Processor B has no 
control of the put pointer. A mechanism is needed to enable 
both the put and get pointers to be reset to the initial entry 
upon reset of the system or When an error has been detected. 5 

Continuing the previous example for purposes of illus 
tration only, one processor should not be able to unilaterally 
reset the get and put pointers. Because the content of the 
queue (full, empty, not full, not empty) is dependent on the 
position of the get and put pointers, if Processor A could 10 
unilaterally reset the put pointer, the neW location of the put 
pointer may cause Processor B to misinterpret the status of 
the queue. Therefore, in one embodiment of the present 
invention, resetting the generalized queue requires the “con 

12 
Queue 0 and specialized register 600 are used When Pro 
cessor A is the supplier of information to Processor B. FIG. 
6b illustrates a block diagram of an exemplary specialized 
register 614 associated With Queue 1 (see reference 422 in 
FIG. 4) according to embodiments of the present invention. 
Queue 1 and specialized register 614 are used When Pro 
cessor B is the supplier of information to Processor A. Table 

3 illustrates a content diagram of an exemplary Queue 0/1 
Control Register according to embodiments of the present 
invention. Table 4 illustrates a content diagram of an exem 

plary Queue 1/0 Control Register according to embodiments 
of the present invention. 

TABLE 3 

Queue O/l Control Register 
Size: 32 Bits 

Description 

Write ‘1’ to set this bit and to request a reset of Queue 0 (Processor A) or 
Queue 1 (Processor B). Reset is not effective until asserted by both 
processors. Then both reset requests are cleared and the associated Put/Get 
Pointer and Get/Put Pointer Registers are both cleared. Writing ‘0’ to this 
bit has no effect. When this bit is ‘1 ’ in the data being Written to the 
register, the other bits are ignored and the read/Write bits are unchanged. 
Indication that the other processor is requesting reset of Queue 0 (Processor 
A) or Queue 1 (Processor B) 

Index of last entry in Queue 0 (Processor A) or Queue 1 (Processor B) 

TABLE 4 

Queue 1/0 Control Register 
Size: 32 Bits 

Description 

Field Bits Access 

RST 0/1 31 IUS 

RRQ 0/1 30 R0 

Reserved 29:16 
Queue O/l Size 15:0 R/W 

Field Bits Access 

RST 1/0 31 IUS 

RRQ 1/0 30 R0 

Reserved 29:16 
Queue 1/0 Size 15:0 RO 

Write ‘1’ to set this bit and to request a reset of Queue 1 (Processor A) or 
Queue 0 (Processor B). Reset is not effective until asserted by both 
processors. Then both reset requests are cleared and the associated Put/Get 
Pointer and Get/Put Pointer Registers are both cleared. Writing ‘0’ to this 
bit has no effect. 

Indication that the other processor is requesting reset of Queue 1 (Processor 
A) or Queue 0 (Processor B) 

Index of last entry in Queue 1 (Processor A) or Queue 0 (Processor B) 

sent” of both processors. For example, if ProcessorA Wants 
to reset the generalized queue, Processor A must set a 
Processor A Reset Request bit in a specialized register to 
request a reset. At this point, all entries in the queue are 
treated as invalid, in case Processor B tries to receive an 
entry from the generalized queue before the generalized 
queue is reset. Processor B must observe that the reset 
request bit has been set, and then set a Processor B Reset 
Request bit to consent to the reset. When both reset request 55 
bits are set, the put and get pointers are reset to zero, and the 
reset request bits are both reset. With this protocol, one 
channel cannot unilaterally reset the generalized queue, and 
instead must Wait until the other channel has seen the request 
and acknowledges that the other channel is also ready to 60 
reset. 

FIGS. 6a and 6b and Tables 3 and 4 provide one exem 
plary mechanism for cooperatively resetting queues accord 
ing to embodiments of the present invention. FIG. 6a 
illustrates a block diagram of an exemplary specialized 65 
register 600 associated With Queue 0 (see reference 420 in 
FIG. 4) according to embodiments of the present invention. 

Referring again to FIG. 6a, once the specialized register 
600 for Queue 0 is con?gured by the softWare, the bits of the 
register Will be seen by Processor A as having the format 
de?ned in Table 3. When con?gured, Processor A may clear 
bit 31 or set bit 31 to request a reset of Queue 0 at 602, may 
receive a request to reset Queue 0 from Processor B as a set 

bit 30 at 604, and may supply (or read) the index number of 
the last entry in Queue 0 (the entry that precedes index 0) 
into bits 15:0 at 606. Note that When the request to reset bit 
31 is set, it cannot be cleared until Queue 0 is reset, and that 
the reset of Queue 0 is not effective until both Processor A 
and B have requested a reset (i.e. bits 31 and 30 have been 
set). In addition, once the specialized register 600 for Queue 
0 is con?gured by the softWare, the bits of the register Will 
be seen by Processor B as having the format de?ned in Table 
4. When con?gured, Processor B may set bit 30 to request 
a reset of Queue 0 at 608, may receive a request to reset 
Queue 0 from Processor A as a set bit 31 at 610, and may 
receive the index number of the last entry in Queue 0 from 
bits 15:0 at 612. 
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Referring again to FIG. 6b, once the specialized register 
614 for Queue 1 is con?gured by the software, the bits of the 
register Will be seen by Processor B as having the format 
de?ned in Table 3. When con?gured, Processor B may clear 
bit 31 or set bit 31 to request a reset of Queue 1 at 616, may 
receive a request to reset Queue 0 from ProcessorA as a set 

bit 31 at 618, and may supply (or read) the index number of 
the last entry in Queue 1 (the entry that precedes index 0) 
from bits 15:0 at 620. Note that When the request to reset bit 
31 is set, it cannot be cleared until Queue 1 is reset, and that 
the reset of Queue 1 is not effective until both Processor A 
and B have requested a reset (i.e. bits 31 and 30 have been 
set). In addition, once the specialized register 614 for Queue 
1 is con?gured by the softWare, the bits of the register Will 
be seen by ProcessorA as having the format de?ned in Table 
4. When con?gured, Processor B may set bit 30 to request 
a reset of Queue 1 at 622, may receive a request to reset 
Queue 1 from Processor B as a set bit 31 at 624, and may 
receive the index number of the last entry in Queue 1 into 
bits 15:0 at 626. 

It should be understood that the index number of the last 
entry in the queue (the queue size value in bits 15:0) is 
needed because When the put pointer is equal to the size 
value, it Will be set to index zero the next time the put pointer 
is incremented. Note also that is the supplier’s responsibility 
to set the size register. Setting the size of the queue is 
important because although a large amount of memory is 
typically available either in common memory or in a queue 
area of the TCM, only a portion is reserved for a queue, and 
When a processor is initialized it may modify the number of 
entries in a particular queue (the size of the queue) based the 
amount of concurrent traf?c to be maintained. The variable 
size of the generalized queues in embodiments of the present 
invention is an improvement over conventional ?xed sized 
implementations. The generalized, variable size queues can 
be vieWed as a “soft” ?rst-in-?rst-out (FIFO) that can adjust 
to current traf?c levels and different environments. 

In the exemplary embodiment, registers similar to those 
illustrated in FIGS. 6a and 6b may be employed for Queues 
2*7. 

Queue 0/1 Base Register and Queue 1/ 0 Base Register. 
Another function of the specialized registers is to store the 

start location (index 0) of the queues. This location is needed 
When the get or put pointers are incremented from their 
highest locations, When the queue is reset, and When reas 
signing the memory space allocated to a queue. 

FIGS. 7a and 7b and Tables 5 and 6 provide one exem 
plary mechanism for storing the address of index 0 of the 
queues according to embodiments of the present invention. 
FIG. 7a illustrates a block diagram of an exemplary spe 
cialized register 700 associated With Queue 0 (see reference 
420 in FIG. 4) according to embodiments of the present 
invention. Queue 0 and specialized register 700 are used 
When ProcessorA is the supplier of information to Processor 
B. FIG. 7b illustrates a block diagram of an exemplary 
specialized register 702 associated With Queue 1 (see ref 
erence 422 in FIG. 4) according to embodiments of the 
present invention. Queue 1 and specialized register 702 are 
used When Processor B is the supplier of information to 
Processor A. Table 5 illustrates a content diagram of an 
exemplary Queue 0/1 Base Register according to embodi 
ments of the present invention. Table 6 illustrates a content 
diagram of an exemplary Queue 1/ 0 Base Register according 
to embodiments of the present invention. 
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TABLE 5 

Queue O/l Base Register 
Size: 32 Bits 

Field Bits Access Description 

Queue O/l Base 31:0 R/W Address of entry 0 of Queue 0 
Address (Processor A) or Queue 1 (Processor B) 

TABLE 6 

Queue l/O Base Register 
Size: 32 Bits 

Field Bits Access Description 

Queue l/O Base 31:0 RO Address of entry 0 of Queue 1 
Address (Processor A) or Queue 1 (Processor B). 

Referring again to FIG. 7a, once the specialized register 
700 for Queue 0 is con?gured by the softWare, the bits of the 
register Will be seen by Processor A as having the format 
de?ned in Table 5. When con?gured, Processor A may 
supply (or read) the address of index 0 of Queue 0 into bits 
31:0 at 704. In addition, once the specialized register 700 for 
Queue 0 is con?gured by the softWare, the bits of the register 
Will be seen by Processor B as having the format de?ned in 
Table 6. When con?gured, Processor B may receive the 
address of index 0 of Queue 0 from bits 31:0 at 706. 

Referring again to FIG. 7b, once the specialized register 
702 for Queue 1 is con?gured by the softWare, the bits of the 
register Will be seen by Processor B as having the format 
de?ned in Table 5. When con?gured, Processor B may 
supply (or read) the address of index 0of Queue 1 into bits 
31:0 at 710. In addition, once the specialized register 702 for 
Queue 1 is con?gured by the softWare, the bits of the register 
Will be seen by Processor A as having the format de?ned in 
Table 6. When con?gured, Processor A may receive the 
address of index 0 of Queue 1 from bits 31:0 at 708. 

In the exemplary embodiment, registers similar to those 
illustrated in FIGS. 7a and 7b may be employed for Queues 
2*7. 

The specialized registers illustrated and described above 
support communications betWeen supplier and receiver pro 
cessors. Another function of the specialized registers is to 
provide reports on the status of the queues to the processors, 
such as displaying current conditions that may important to 
the processors. These specialized registers may be located 
Within the dedicated interface circuitry of each processor/ 
channel (see, e.g., references 400 and 402 in FIG. 4). 

Processor Attention Condition Register and Processor Atten 
tion Set Register. 

FIG. 8 and Tables 7 and 8 provide one exemplary mecha 
nism for displaying current conditions of the queues and 
attention conditions from another processor according to 
embodiments of the present invention. FIG. 8 illustrates a 
block diagram of an exemplary specialized register 800 
associated With Processor A (or B) (see reference 400 (or 
402) in FIG. 4) according to embodiments of the present 
invention. Table 7 illustrates a content diagram of an exem 
plary Processor Attention Condition Register according to 
embodiments of the present invention. Table 8 illustrates a 
content diagram of an exemplary Processor Attention Set 
Register according to embodiments of the present invention. 
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TABLE 7 

Processor Attention Condition Register 
Size: 32 Bits 

Field Bits Access Description 

As seen by Processor A: 

AHIP 31:28 RO Priority encode of bits 14 to 0, indicates loWest bit nurnber set: 

A0 8 A8 

A1 9 A9 

A2 10 A10 

A3 11 A11 

A4 12 A12 

A5 13 A13 

A6 14 A14 

A7 15 none (value after reset) 
QHIPA 27:24 RO Priority encode of bits 23 to 16, indicates loWest bit set: 

0 QONF 5 Q5NE 
1 Q1NE 6 Q6NF 
2 Q2NF 7 Q7NE 
3 

4 
Q3NE 8414 reserved values 
Q4NF 15 none (value after reset) 

Q7NE 23 R0 Set if Queue 7 is not empty (Get Pointer not equal to Put Pointer) 
Q6NF 22 R0 Set if Queue 6 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ6NF is set in Processor Attention Enable Register 

Q5NE 21 R0 Set if Queue 5 is not empty (Get Pointer not equal to Put Pointer) 
Q4NF 20 R0 Set if Queue 4 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ4NF is set in Processor Attention Enable Register 

Q3NE 19 R0 Set if Queue 3 is not empty (Get Pointer not equal to Put Pointer) 
Q2NF 18 R0 Set if Queue 2 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ2NF is set in Processor Attention Enable Register 

Q1NE 17 R0 Set if Queue 1 is not ernpty (Get Pointer not equal to Put Pointer) 
QONF 16 R0 Set if Queue 0 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQONF is set in Processor Attention Enable Register 
Reserved 15 

A14 to A0 14:0 R/C Attention conditions for Processor A set by Processor B. Write a ‘1 ’ to 

clear an attention condition. Writing ‘0’ to any of these bits has no elTect. 

As Seen by Processor B: 

BHIP 31:28 RO Priority encode of bits 14 to 0, indicates loWest bit nurnber set: 

8 B0 8 B8 

9 B1 9 B9 

10 B2 10 B10 

11 B3 11 B 11 

12 B4 12 B12 

13 B5 13 B13 

14 B6 14 B14 

15 B7 15 none (value after reset) 
QHIPB 27:24 RO Priority encode of bits 23 to 6, indicates loWest bit set: 

0 Q1NF 5 Q4NE 
1 QONE 6 Q7NF 
2 Q3NF 7 Q6NE 
3 Q2NE 8414 reserved values 

4 Q5NF 15 none (value after reset) 
Q6NE 23 R0 Set if Queue 6 is not empty (Get Pointer not equal to Put Pointer) 
Q7NF 22 R0 Set if Queue 7 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ7NF is set in Processor Attention Enable Register 
Q4NE 21 R0 Set if Queue 4 is not empty (Get Pointer not equal to Put Pointer) 
Q5NF 20 R0 Set if Queue 5 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ5NF is set in Processor Attention Enable Register 
Q2NE 19 R0 Set if Queue 2 is not empty (Get Pointer not equal to Put Pointer) 
Q3NF 18 R0 Set if Queue 3 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ3NF is set in Processor Attention Enable Register 
QONE 17 R0 Set if Queue 0 is not empty (Get Pointer not equal to Put Pointer) 
Q1NF 16 R0 Set if Queue 1 is not ?lll (Put Pointer — Get Pointer not equal to Size) and 

EQ1NF is set in Processor Attention Enable Register 
Reserved 15 

B14 to B0 14:0 R/C Attention conditions for Processor B set by Processor A. Write a ‘1’ to 

clear an attention condition. Writing ‘0’ to any of these bits has no elTect. 
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TABLE 8 

Processor Attention Set Register 
Size: 32 Bits 

Field Bits Access Description 

As Seen by Processor A: 

Reserved 31:15 
B14S to 14:0 R/S Write a ‘1’ to set an Attention condition 
BOS for Processor B. Writing ‘0’ to 

any of these bits has no elfect. The 
bits are cleared when Processor B 
Writes ‘1’ to the corresponding 
bit in its Attention Condition register. 

As Seen by Processor B: 

Reserved 31:15 
A14S to 14:0 R/S Write a ‘1’ to set an Attention condition 

AOS for Processor A. Writing ‘0’ to 
any of these bits has no elfect. The 
bits are cleared when Processor A 
Writes ‘1’ to the corresponding 
bit in its Attention Condition register. 

Referring again to FIG. 8, once the specialized register 
800 is con?gured by the software, the bits of the register will 
be seen by Processor A (or B) as having the format de?ned 
in Table 7. When con?gured, Processor A (or B) may read 
or clear the attention conditions (doorbells) set by Processor 
B (or A) in bits 14:0 at 802. These doorbells may be 
con?gured by software for any number of purposes. 

Processor A (or B) may also receive “not full” and “not 
empty” status bits for every queue in bits 23:16 at 804. There 
is one status bit for each queue. Note that in the present 
example, there are four pairs of queues, and therefore eight 
status bits. 

Because Processor A (or B) is a supplier to Queues 0, 2, 
4 and 6 in the present example, Processor A (or B) only 
needs to know when those queues are not full so it can know 
when a new entry can be placed in the queue. For example, 
if Processor A (or B) supplies an entry into the queue and 
tries to increment the put pointer, but ?nds that the incre 
menting operation is being disallowed because it would 
make the put pointer the same as the get pointer, this is an 
indication that the queue is full. ProcessorA (or B) must then 
wait for an interrupt at a later time indicating that the queue 
is no longer full before a new entry can be placed in the 
queue. A program running in Processor A (or B) can keep 
track of whether a queue is currently full, and wait for an 
interrupt condition indicating that the queue is no longer full. 
Note that the determination of the not full condition involves 
?rst determining if the queue is full (put pointer one less than 
the get pointer, or get pointer at zero and the put pointer is 
at the last entry), and determining the opposite of the full 
condition. 

It should also be understood that in embodiments of the 
present invention, the “not full” status bits for Queues 0, 2, 
4 and 6 do not actually become visible to ProcessorA (or B) 
unless those particular status bits are enabled in the Proces 
sor Attention Enable Register (discussed hereinafter). The 
enable bits associated with the status bits for Queues 0, 2, 4 
and 6, if set, allows Processor A (or B) to access the “not 
full” status bits. If the enable bits are not set, then whether 
the status bits are set or not, ProcessorA (or B) will not have 
access to the status bits. 

Because Processor A (or B) is a receiver from Queues 1, 
3, 5 and 7 in the present example, Processor A (or B) only 
needs to know when those queues are not empty, so it knows 
when a new entry can be received from the queue. For 
example, if Processor A (or B) attempts to retrieve an entry 
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from the queue at the location of the get pointer, but ?nds 
that the retrieve operation is being disallowed because the 
get pointer is the same as the put pointer, this is an indication 
that the queue is empty. A program running in Processor A 
(or B) can keep track of whether a queue is currently empty, 
and wait for an interrupt condition indicating that the queue 
is no longer empty. The determination of the not empty 
condition is made by determining that the get and put 
pointers are not the same. 

Note that the “not empty” status bits for Queues 1, 3, 5 
and 7 are always enabled and therefore are always visible to 
Processor A (or B). 

ProcessorA (or B) may also receive a priority encoding of 
the queue status bits as a noti?cation of the lowest queue 
status bit that is set at 806, and may receive a priority 
encoding of the attention condition bits (doorbells) as a 
noti?cation of the lowest attention condition bit that is set at 
808. A program can use the “lowest queue status bit that is 
set” number to select the routine speci?cally designed to 
handle the queue. The speci?c routine is able to handle the 
condition and clear the appropriate attention bit without 
having to scan the set of possible conditions. Once one 
queue’s condition has been handled and cleared, the priority 
encoding changes and the program uses the new number to 
select the routine for another queue that has a condition 
pending. 

Referring again to FIG. 8, once the specialized register 
800 is con?gured by the software, the bits of the register will 
be seen by Processor B (or A) as having the format de?ned 
in Table 8. When con?gured, Processor B (or A) may set or 
clear attention conditions (doorbells) for Processor A (or B) 
in bits 14:0 at 810. These doorbells may be con?gured by 
software for any number of purposes. 
A generalized example of the setting and clearing of the 

doorbells is now provided. In this example, if Processor B 
wanted to ring doorbell A0 (see Table 7) for Processor A, 
then Processor B would ?rst write a “1” into AOS (see Table 
8). A “1 ” in AOS would appear to Processor A as a “1” in 
A0, because AOS and A0 are the same bit, identi?ed differ 
ently by Processor A and B. The “1” in AOS as set by 
Processor B will remain until it is cleared by Processor A. 
Once Processor A receives attention bit A0, it informs 
Processor B that it has received the attention bit by writing 
a “1” into A0, which clears A0 by returning it to a “0”. Note 
that if either Processor writes a “0” into the attention bit, 
nothing will happen. This precaution minimizes the chance 
of inadvertently clearing an attention bit. Once Processor A 
has cleared A0, Processor B can con?rm that the doorbell 
has been answered by reading a “0” in AOS. Alternatively, 
the programs could be designed to have Processor B set a 
predetermined attention bit for Processor B to announce that 
Processor A has completed the activity that Processor B 
requested by setting the original attention bit. 

Processor Attention Enable Register and Processor Atten 
tion Accept Register. 

FIG. 9 and Tables 9 and 10 provide a mechanism for 
improving the e?iciency of processors by conditioning their 
ability to generate and receive attention condition bits (door 
bells) according to embodiments of the present invention. 
FIG. 9 illustrates a block diagram of an exemplary special 
ized register 900 associated with Processor A (or B) (see 
reference 400 (or 402) in FIG. 4) according to embodiments 
of the present invention. Table 9 illustrates a content dia 
gram of an exemplary Processor Attention Enable Register 
according to embodiments of the present invention. Table 10 
illustrates a content diagram of an exemplary Processor 
Attention Accept Register according to embodiments of the 
present invention. 
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TABLE 9 

Field Bits Access 

Processor Attention Enable Register 
Size: 32 Bits 

Description 

Reserved 

EQ7NE 

EQSNE 

EQlNE 

EQONF 

Reserved 

A14E to AOE 

Reserved 

EQSNF 

EQZNE 

EQONE 

EQlNF 

Reserved 

B14E to BOE 

31 :24 

23 

22 

21 

20 

15 

14:0 

31:24 

23 

22 

21 

20 

15 

14:0 

W 

W 

As Seen by Processor A: 

Set to enable interrupt (I3#) When Queue 7 is not empty (Get Pointer not 
equal to Put Pointer). Clear to disable Queue 7 Not Empty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 6 is not ?lll (Put Pointer — Get 
Pointer not equal to Size). Clear to ignore Queue 6 Not Full condition 
(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 5 is not empty (Get Pointer not 
equal to Put Pointer). Clear to disable Queue 5 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 4 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 4 Not Full condition 
(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 3 is not empty (Get Pointer not 
equal to Put Pointer). Clear to disable Queue 3 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 2 is not ?lll (Put Pointer — Get 
Pointer not equal to Size). Clear to ignore Queue 2 Not Full condition 
(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 1 is not empty (Get Pointer not 
equal to Put Pointer). Clear to disable Queue 1 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 0 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 0 Not Full condition 

(disable setting in condition register). 

Set to enable interrupt (I3#) When corresponding Attention condition for 
Processor A is set by Processor B. Clear to disable corresponding condition 

from causing interrupt. 
As Seen by Processor B: 

Set to enable interrupt (I3#) When Queue 6 is not empty (Get Pointer not 

equal to Put Pointer). Clear to disable Queue 6 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 7 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 7 Not Full condition 

(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 4 is not empty (Get Pointer not 

equal to Put Pointer). Clear to disable Queue 4 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 5 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 5 Not Full condition 

(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 2 is not empty (Get Pointer not 

equal to Put Pointer). Clear to disable Queue 2 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 3 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 3 Not Full condition 

(disable setting in condition register). 
Set to enable interrupt (I3#) When Queue 0 is not empty (Get Pointer not 

equal to Put Pointer). Clear to disable Queue 0 Not Ernpty condition from 
causing intenupt. 
Set to enable interrupt (I3#) When Queue 1 is not ?lll (Put Pointer — Get 

Pointer not equal to Size). Clear to ignore Queue 1 Not Full condition 

(disable setting in condition register). 

Set to enable interrupt (I3#) When corresponding Attention condition for 
Processor B is set by Processor A. Clear to disable corresponding condition 

from causing interrupt. 








